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______________________________________________________________________________________ 
Abstract 
The objectives were to investigate the β-carotene status of dairy cows under various production 
systems, and to determine the effect of pre-partum β-carotene supplementation on their post-partum β-
carotene status. Ten farms were selected from each of the three production systems, namely pasture-based, 
hay-based total mixed ration (TMR) and silage-based TMR. Twenty cows per farm were sampled in each 
system, and blood plasma β-carotene concentration was determined with a portable spectrophotometer (n = 
200 cows per system). Mean blood β-carotene concentrations of pasture-fed cows were 5.54 mg/L, and 
were higher (P <0.05) than concentrations of cows on hay-based (2.98 mg/L) and maize silage-based TMR 
systems (1.71 mg/L); in β-carotene status, therefore, these systems were optimal, marginal, and deficient, 
respectively. In the second experiment, 10 cows received a hay-based control TMR, and 10 were 
supplemented with 1.2 g/day of β-carotene pre-partum from day -56 to calving and monitored until day 56 
postpartum. The supplemented cows were in optimal β-carotene status until calving, with a minor carry-over 
effect until 10 days post partum, and then declined gradually in status until they needed supplementation. 
The β-carotene status between the groups differed from three weeks pre-partum to two weeks post partum, 
with the control group being marginal to deficient from three weeks pre-partum onwards. Forage type and its 
β-carotene content play a major role in the β-carotene status of cows and more research is needed on the 
potential storage and mobilization of β-carotene in cows. 
_______________________________________________________________________________________ 
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Continuous selection for high milk production has led to reduced reproductive performance and 
fertility, especially in Holstein herds. This situation has resulted in reduced profitability in high-producing 
herds (Butler, 2000; Berry et al., 2014). In many instances the cause of low fertility is considered nutritional, 
at least in part, and could therefore be corrected through nutritional intervention and dietary adjustment 
(Roche et al., 2011). Many nutritionists regard a negative energy balance and the resulting oxidative stress 
early in lactation as the main cause of fertility problems owing to suboptimal antioxidant uptake through the 
diet (De Bie, 2019). Fresh grass is the most important source of dietary vitamins and antioxidants such as β-
carotene, which is the major natural precursor of vitamin A in cattle and of vitamin E, and contributes 
significantly to their health, fertility, and antioxidative status (Ballet et al., 2000). In many countries there are 
limitations to the grazing capacity for dairy cows and high-producing dairy herds follow zero grazing systems, 
in which the major fibre sources are ensiled forage and hay, which are low in vitamins and antioxidants and 
may increase the incidence of vitamin and antioxidant deficiencies (Wilkinson & Rinne, 2018). 
Deficiencies in vitamins can be corrected only if there are proper guidelines. Dietary β-carotene has an 
activity of 400 IU/mg. NRC (2001) recommends 110 IU vitamin A per kg of bodyweight for mature dairy 
cows, but makes no recommendations for β-carotene because there were insufficient research data to 
establish a requirement, although a number of studies reported the benefits of supplementing β-carotene (de 
Ondarza et al., 2009; Kumar et al., 2010). Low levels of circulating β-carotene have been associated with low 
progesterone concentrations and conception rates, prolonged oestrus, delayed ovulation and lowering in the 
intensity of signs of oestrus (Hemken & Bremel, 1982; Rakes et al., 1985; Arikan & Rodway, 2000). 
Lothammer (1978; 1979) reported that supplemental β-carotene improved uterine involution, conception 
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rates, and ovulation, and reduced the incidence of cystic ovaries and early embryonic death. De Ondarza et 
al. (2009) observed increases in milk fat yield and 3.5% fat-corrected milk in early lactation, improvements in 
21-day pregnancy rates, and a reduction in early embryonic mortality. Oliveira et al. (2015) found that β-
carotene supplementation was associated with a lower incidence of retained placenta in multiparous cows. 
Other researchers, however, did not observe positive reproductive responses to β-carotene 
supplementation, possibly owing to the influence of season and β-carotene status of animals (Akorder et 
al.,1986; Weis, 1998). 
Information on the β-carotene status of dairy cows is scarce. Block and Farmer (1987) and De Bie et 
al. (2019) conducted studies to determine the β-carotene status of dairy herds in Quebec and Flanders and 
found what considerable variation in β-carotene status. Similar to these studies, there was a dearth of 
information on the β-carotene status of dairy cows in South Africa. Factors such as diet and plant species, 
maturity, leaf to stem ratio, sunlight exposure, storage, ensilage, and wilting and cutting of forages can all 
play a role in the β-carotene content of forages.  
There is also conflicting evidence about the impact of β-carotene supplementation of dairy cows during 
the dry and transition periods on post-partum β-carotene status, that is, the potential carry-over effect. 
Kaewlamun et al. (2011) found that eight weeks of pre-partum supplementation increased plasma β-
carotene for only two weeks post partum. Bian et al. (2007) reported no effect of pre-partum supplementation 
of 300 mg/day β-carotene in one study, but in a second study they found differences compared with the 
control up to 60 days post partum. The aims of the current study were first to investigate the β-carotene 
status of lactating Holstein cows exposed to the three most common feeding systems in South Africa and 
second to assess the potential carry-over effect of pre-partum β-carotene supplementation on post-partum 
blood plasma levels of β-carotene. 
 
Materials and Methods 
Ethical approval was granted by the Research Committee of the Department of Animal and Wildlife 
Sciences, Faculty of Natural and Agricultural Sciences, University of Pretoria (Project GM-13). 
The three major dairy feeding regimes in South Africa are pasture-based (kikuyu/ryegrass) with 
mineral-based concentrate supplementation (system 1), predominantly lucerne (Medicago sativa) hay-based 
TMR (system 2), and predominantly maize silage-based TMR (system 3). A total number of 30 farms were 
identified, with 10 farms for each regime. The pasture-based systems included five farms from KwaZulu-
Natal (KZN) and five from Eastern Cape (EC). The twenty TMR-based farms were predominantly from 
Gauteng, Mpumalanga, and the Free State. The farms were selected to be as representative as possible in 
coverage for a specific province and of the willingness of farmers and their veterinarians to assist with 
sampling. Twenty healthy multiparous cows were randomly selected for blood sampling from each of the 10 
herds in a feeding system. Cows were more than 60 days in milk (DIM). This was required because β-
carotene analyses of blood plasma of cows fewer than 60 DIM show more variability (Schweigert, 2010, 
personal communication, Institute of Physiology, Ludwig-Maximilians University, Munich, Germany). Whole 
blood samples were taken from the coccygeal vein after the first morning milking, and analysed for β-
carotene content with a hand-held portable spectrophotometer (Schweigert & Immig, 2007) through the 
iCheck™ procedure (BioAnalyt GmbH, Germany). This procedure was performed on farm for real-time β-
carotene assessment. 
The forage samples were analysed for β-carotene, according to this procedure. Approximately 10 ml 
blood was drawn from each cow using the vacutainer system, with each tube containing NH (sodium 
heparin). A sample of 0.4 ml blood was drawn from each vacutainer with a 1 ml syringe and injected into an 
extraction ampule. Each ampule was then shaken intensively for 10 seconds and then left for 5 minutes to 
allow the β-carotene pigment to separate from the blood into the organic fluid in the ampules. The extraction 
vial was then placed in the iCheck hand-held photometer for ß-carotene analyses. The photometer was kept 
out of direct sunlight and placed on a flat level surface. On the day of blood sampling, representative 
samples of the forage were taken, placed on ice and frozen until analysis. Sampling of the forage and blood 
plasma for pasture farms in KZN and EC was done in October, which is the summer and high rainfall season 
for both areas. All the farms are on irrigated grass pasture year round (predominantly rye). It could therefore 
be assumed that fluctuations in β-carotene plasma concentration would not be significant. However, some 
farmers supplement with silage during the dry months and this could reduce the β-carotene content of the 
feed. The hay-based systems were sampled in summer (September–November) and the maize silage-based 
systems were sampled in winter (June–July).  
The second trial was conducted at the University of Pretoria Experimental Farm in Hatfield. Twenty 
randomly selected Holstein cows, stratified by current weight and milk production during previous lactations, 
were allocated to control and treatment groups of 10 cows each. Cows were kept in single pens to monitor 
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daily feed intake and fresh clean water was available ad libitum. The duration of the trial was from 60 days 
pre-partum until 56 days post partum. 
The control group was fed 8 kg dry matter (DM) of a lucerne/maize-based TMR. The treated group 
received the same diet supplemented with 12 g/day 10% Rovimix
®
 β-carotene (DSM Nutritional Products 
Ltd., Basel, Switzerland) providing 1.2 g/day of β-carotene from 60 days pre-partum until calving. The β-
carotene supplement was mixed with a carrier (corn starch-coated matrix of porcine gelatine and 
carbohydrates) and hand mixed into the 8 kg TMR daily. The control group received only the carrier. The 
TMR was palatable because of the high-quality lucerne hay and generally there were no refusals. In addition 
to the TMR, cows had ad libitum access to Eragrostis curvula hay. After calving, the experimental and control 
groups of animals received the same TMR ad libitum, without supplementation. The ingredients and 
chemical composition of the TMR are shown in Table 1. 
 
 
Table 1 Ingredient and chemical composition of the total mixed ration fed to Holstein dairy cows without 
further supplementation or with supplementation with 1.2 g/day of β-carotene 
 
Ingredients                            % Dry matter (DM)  Chemical composition  Amount 
     
Yellow maize 21.30  Crude protein (CP), % DM 16.6 
Hominy chop   5.02  Undegradable dietary protein, % CP 42.6 
Defatted maize germ 11.10  Metabolizable energy, MJ/kg DM 11.5 
Full fat soya   6.63  Neutral detergent fibre, % DM 32.1 
Soya oil cake   2.22  Total fat, % DM   6.28 
Fishmeal   2.50  Calcium, % DM   0.94 
Molasses meal   5.76  Phosphorus, % DM   0.43 
Soya oil      0.61  Magnesium, % DM   0.37 
Limestone   0.81  Potassium, % DM   1.45 
Salt   0.23  Sulphur, % DM   0.20 
Magnesium sulphate   0.12    
Magnesium oxide   0.41    
Urea   0.17    
Vit/Min premix
1
   0.30    
Sodium bicarbonate   0.40    
Rumen protected fat   1.44    
Lucerne 26.60    
Eragrostis hay 14.40    




Vitamin/mineral premix (organic) (DSM Nutritional Products (Pty) Ltd., South Africa): 7.23% manganese, 7.50% zinc, 
1.83% copper, 0.11% cobalt, 0.14% I, 0.03% selenium(1%), 1.28% organic manganese, 2% organic zinc, 0.32% organic 
copper, 0.01% organic selenium, 5% Rumensin (20%), 3.5% Stafac , 96 250 IU vitamin A, 28 875 IU vitamin D3, 577.5 
mg vitamin E/cow/d 
 
 
Samples of the TMR and Eragrostis curvula hay were taken weekly and pooled on an eight-weekly 
basis. Samples were analysed for DM, ash, CP, acid detergent fibre (ADF), neutral detergent fibre (NDF), 
acid detergent lignin (ADL), gross energy (GE), in vitro organic matter digestibility (IVOMD), fat, calcium 
(Ca), and phosphorus (P) at the Analytical Laboratory of the Department of Animal and Wildlife Science at 
the University of Pretoria in South Africa. All samples were ground through a 1-mm sieve using a Retsch ZM 
200 (Germany) grinder. Dry matter content was determined as the loss in mass of the sample after drying at 
95 - 100 °C (method 934.01). Ash was reported as a percentile by using a temperature-controlled furnace at 
600 °C for two hours (method 942.05) and CP was determined (method 968.06) (AOAC, 2000). Acid 
detergent fibre  and NDF were analysed with an Ankom 2000 automated fibre analyser (Ankom Technology, 
NY, USA) according to the instructions supplied by the manufacturer. Acid detergent lignin was determined 
by applying the ADF method to the sample and saturating in 72% sulphuric acid (H2SO4) for three hours, 
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stirring every 30 minutes. Acid was then removed by suction and the sample was washed three times with 
hot water (Goering & Van Soest, 1970). Gross energy was measured using a bomb calorimeter (MC-1000 
modular calorimeter, Energy Instrumentation, 135 Knoppieslaagte, Centurion, South Africa).  The Tilley and 
Terry method (1963) as modified by Engels and Van der Merwe (1967) was used to estimate in vitro organic 
matter digestibility. Metabolizable energy was predicted with the equation ME (MJ/kg DM) = 0.82 x (GE x 
IVOMD) (Robinson et al., 2004). The fat content of the diet was determined by ether extraction using the 
Soxtec System HT 1043 extraction Unit (Foss Analytical, Hillerød, Denmark) (method 920.39) (AOAC, 2000). 
Calcium content of feed was measured by the method of Giron (1973). The P content was determined by 
ashing the sample, adding hydrochloric acid (HCL) and nitric acid (HNO3) and boiling, using 
molybdovanadate reagent and a spectrophotometer at 400 nm (method 965.17) and sample preparation by 
method 968.08 (AOAC, 2000). The β-carotene content of the feed was measured by direct saponification in 
ethanolic solution and pigment extraction into hexane by EXtrelut columns and then analysed with high 
performance liquid chromatography (HPLC) (Schierle et al., 1995) Blood samples were taken weekly from 
the coccygeal vein commencing at the beginning of the dry period (60 days pre-partum) until 56 days post 
partum. Samples were analysed for plasma β-carotene as described in experiment 1. 
Data from the first experiment were analysed with one-way analysis of variance using the GLM 
procedure (SAS Institute, Inc., Cary, North Carolina, USA) to determine the average effects of systems. 
Means and standard errors were calculated and significance of differences (P <0.05) between means were 
assessed using Fischer’s test (Samuels, 1989). Data from the second experiment were analysed as a 
randomized block design with the SAS GLM procedure. Means and standard errors were calculated and 
significance of differences (P <0.05) between means were assessed with Fischer’s test (Samuels, 1989). 
The linear model was as follows:  
                        
Where:      = a measure of an independent variable from the kth cow,  
μ = the overall mean,  
   = the effect of the ith block,  
   = the effect of the jth treatment, and  
     = random error. 
  
Results and Discussion 
The β-carotene content (mg/kg DM) of the forage used in these feeding systems are shown in Table 2. 
Although ryegrass was the predominant roughage source in system 1, two of the samples contained 
approximately 20% lucerne and 20% clover pasture, respectively. Among the hay samples, one sample was 
a 50:50 mixture of lucerne and Eragrostis curvula hay. The values and ranges of β-carotene content of the 
forages in the current study agree with data published by McDowell (2000) and Ballet et al. (2000). The 
considerable variations in β-carotene content suggest that a number of factors contributed to this variability. 
Park et al. (1983) reported that the β-carotene content of lucerne hay cut at the flowering stage was reduced 
from 53 mg/kg DM to 21.8 mg/kg DM by increasing the time of sun drying from 48 hours to 96 hours. 
Livingston (1970) found β-carotene losses of 42% to 72% after 12 weeks of storage at 32 °C. Ballet et al. 
(2000) reviewed the impact of origin, climatic conditions, stage of maturity, conservation and storage 
conditions on the β-carotene content of forages in detail. Plants with a higher concentration of leaves to stem 
generally contained higher levels of β-carotene. At advanced stages of growth, legumes are better sources 
of β-carotene compared with grasses, because of the higher proportion of leaves in legumes, supporting the 
current results. At the flowering stage, however, grasses and legumes have approximately the same levels 
of α-tocopherol and β-carotene (Marino et al., 2014). In general, the β-carotene content of silages is 
significantly lower than those of grasses and legumes such as lucerne (McDowell, 2000; Mogensen, 2012; 
Machpesh, 2014) as found in the current study. Block and Farmer (1987), who investigated the β-carotene 
status of cows from 100 Quebec dairy herds, reported a mean β-carotene concentration in silage of only 1.6 
mg/kg DM. 
The reliability of blood plasma β-carotene concentration as an accessible indicator of the β-carotene 
status of dairy cows was confirmed by Ralston and Dyer (1959) and Kirchgessner et al. (1967). These 
authors found that the body pool and storage of β-carotene was largest in blood plasma and not in the 
corpus luteum (CL), adipose tissue or liver. For this reason, Schweigert and Immig (2007) developed the cow 
side (iCheck) test using a portable spectrophotometer with the ability to analyse whole blood samples from 
the tail vein within 5 minutes. The test was validated under experimentally controlled conditions and a high 
correlation (R
2
 = 0.94 - 0.99) was found between iCheck and HPLC methods (Schweigert & Immig, 2007; 
Islam & Scheigert, 2015). More recently, De Bie et al. (2019) validated the iCheck against HPLC analyses 
and found high correlations under variable field conditions. 





Table 2 β-carotene content of forages (mg/kg DM) fed to cows on a pasture-based system (system 1), hay-
based total mixed ration (system 2) and a maize silage-based total mixed ration (system 3) milk production 
system 
 
 System N Mean Minimum Maximum 
     
1 Ryegrass pasture 6 20.9 ± 3.3
a
 14.3 31.5 
2 Lucerne hay 5 26.5 ± 3.6
a
 12.8 38.6 
3 Maize silage 6 3.70 ± 3.3
b
   0.3   6.3 
     
a,b
 Means with a common superscript did not differ with probability P =0.05 
 
 
The mean plasma β-carotene concentration of cows under the three feeding systems in the current 
study is shown in Table 3. For interpretation purposes the most recent reference values on the optimal 
plasma β-carotene concentrations are the recommendations published by Schweigert and Immig (2007). 
Blood concentrations less than 1.5 mg/L indicate a deficient status, and supplementation of at least 500 mg 
β-carotene/cow/day is recommended. Blood concentrations of β-carotene from 1.5 to 3.5 mg/L require 
supplementation of a minimum of 300 mg β-carotene/cow/day. When blood concentrations are greater than 
3.5 mg/L the cow has optimal β-carotene status. 
       
         
Table 3 Mean plasma β-carotene concentration of cows on a pasture-based diet, hay-based total mixed 
ration, and a maize silage-based total mixed ration diet, 200 cows per treatment 
 
 System Mean (mg/L) Minimum Maximum Status
1
 
     
1 Ryegrass pasture 5.54 ± 0.47
a
 1.92 11.16 O 
2 Lucerne hay 2.98 ± 0.47
b
 1.45 5.52 D1 
3 Maize silage 1.71 ± 0.47
b
 0.56 3.11 D2 
     
 
a,b
 Means with a common superscript did not differ with probability P =0.05 
1
O: optimal β-carotene status, D1: marginally deficient, requiring 300 mg/day supplementation, D2: deficient, requiring 
500 mg/day supplementation. 
 
 
The plasma β-carotene concentration of pasture-based cows was higher (P<0.05) than that of cows 
on the other two systems. Group 2 tended to differ (P <0.10) in plasma β-carotene concentration from Group 
3, which presented the lowest concentration. This was expected since maize silage is a poor source of 
available β-carotene (Block & Farmer, 1987) and losses of up to 56% have been reported during silage 
fermentation (Nozierre et al., 2006). However, fresh pasture is an excellent source of β-carotene with 
concentrations being reported of 228 mg/kg in fresh pasture in Canada (Pekpetey et al., 1987) and 67 mg/kg 
in perennial ryegrass in Denmark (Lindqvist, 2012). The plasma β-carotene concentrations in the current 
study agree with other published studies. Bindas et al. (1984) reported concentrations of 1.5 mg/L and 4.92 
mg/L for cows fed a diets containing 72% maize silage or pasture based. Jukola et al. (1996) measured 
concentrations of 2.5 mg/L in lactating cows and 3.2 mg/L in dry cows fed hay-based diets. 
The plasma β-carotene content of cows in groups 2 and 3 did not differ (P >0.05), but the 
concentrations were higher for cows in group 1 (P <0.05) (Tables 2 and 3). A possible explanation relates to 
differences in days in milk and mobilization of body reserves between cows on these systems. The mean 
DIM for cows in groups 1 and 2 were 44 days and 158 days, respectively. Thus, the group 1 cows may have 
been in negative balance and mobilizing body reserves. In contrast, the group 2 cows may have been in a 
state of positive energy balance and increasing in body condition score (NRC, 2001). Noziere et al. (2006) 
reported that adipose tissues have a storage function from which β-carotene could be mobilized in bovines 
and ovines. Furthermore, Patterson (1965) reported a linear relationship between plasma carotene and free 
fatty acid concentrations in parturient cows in negative energy balance. 
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It appears that cows in South Africa with ad libitum access to pasture, as typified by the group 1 cows, 
have an optimal β-carotene status, and supplementation of synthetic β-carotene is not needed. The mean 
plasma β-carotene concentration of group 2 cows would be considered marginal, requiring supplementation 
of approximately 300 mg/day in order to achieve an optimal β-carotene status (Schweigert & Immig, 2007). 
However, only five farms implementing system 2 had mean plasma β-carotene less than 3 mg/L, suggesting 
that not all cows managed with on hay-based systems need supplementation. Therefore, these herds should 
be monitored regularly to make meaningful decisions about supplementation. Six herds in group 3 had had 
average β-carotene concentrations of less than 1.5 mg/L and were therefore classified as being in a deficient 
or negative status. Cows in these herds thus require supplementation of 300 - 500 mg/day.  
De Bie et al. (2019) investigated the β-carotene and vitamin E status of cows in Flemish dairy herds. 
They reported that at least one third of cows had a deficiency in plasma β-carotene concentration, especially 
cows in early lactation and those housed under zero grazing conditions and fed a large proportion of silage. 
This supports the current data in which 27% of the cows (8 of 30 herds) had mean blood plasma β–carotene 
concentrations of less than 1.5 mg/L, indicating a deficiency. Similar to the current experience, they 
supported the use of iCheck to assess the β-carotene status of lactating cows. More attention should be 
given to the β-carotene status and indirectly to the antioxidant status of dairy cows to assist in improving the 
health and fertility of modern high-producing cows managed under rapidly changing conditions.  
A number of factors in research trials confound the interpretation of results and the initial β-carotene 
status such as timing and duration of supplementation. Research results and performance data were 
reported on pre-partum β-carotene supplementation (Kaewlamun et al., 2011; Oliveira et al., 2015), post-
partum supplementation (Rakes et al., 1985; de Ondarza et.al., 2009) and in combination (Lothammer, 1976; 
Bian et al., 2007) resulting in contradictory outcomes. Another concern with the role of strategic 
supplementation during the dry period is the potential for carry-over effects post partum. A further concern is 
determining when supplementation should commence post-partum based on β-carotene status. These 
aspects were investigated in experiment 2. 
The TMR was restricted pre-partum and diluted with Eragrostis hay to prevent excessive nutrient 
intake. In the post-partum period only the TMR was offered ad libitum. The β-carotene content of the TMR 
was 9.7 mg/kg DM with lucerne and Eragrostis curvula as the roughage sources. It was surprising that in 
most studies on β-carotene supplementation the β-carotene concentration of the basal diet was not 
measured. Kaewlamun et al. (2011) reported concentrations of 4.32 and 3.72 mg/kg in dry cow and lactation 
diets with maize silage ranging from 50% to 38% of DM. The roughage source explains the difference in 
dietary β-carotene content between this and the current studies.  
There was no difference in the blood β-carotene concentration between the groups before the start of 
supplementation (P >0.05). In the supplemented group, blood β-carotene concentration increased steadily, 
peaked at three weeks before calving, and then decreased until the end of supplementation at eight weeks 
post partum. The curve appeared to flatten from week 5 to week 8 post partum, with only a 0.2 mg/L 
difference in concentration. In the control group, blood β-carotene concentration remained stable for the first 
four weeks and then decreased rapidly until it reached a nadir at three weeks post partum, after which 
values increased for two weeks before flattening off, similarly to the treatment group. Significant differences 
between the control and treatment group were observed from four weeks pre-partum to two weeks post 
partum (P <0.05). The β-carotene status of the supplemented group remained optimal until week 2 post 
partum (approximately 10 days), after which it became marginal. Some cows in this group, however, 
remained optimal in plasma β-carotene status until four weeks post partum, supporting Weiss (1998), who 
reported wide variation in β-carotene status after supplementation. The pre-partum β-carotene status in the 
control group was on average marginal and became deficient soon after calving. The blood β-carotene 
concentrations during the dry period and post-partum lactation until 8 weeks are shown in Figure 1. 
 






Figure 1 Blood β-carotene concentrations of Holstein cows supplemented with 1.2 g/day β-carotene (n=10) 
or fed a control diet only (n=10) from eight weeks pre-partum until calving 
 
* Significant differences between treatments (P <0.05) 
 
 
The results from the current study were similar to those obtained by Kaewlamun et al. (2011), in which 
cows were supplemented during the dry period with 1 g/day β-carotene until calving, for example the peak 
blood concentrations pre-partum (4 weeks vs 3 weeks) (6.9 vs 7.2 mg/L) and blood β-carotene concentration 
at calving (6.2 vs 5.8 g/L). For the control, the blood β-carotene concentration at calving (2.5 vs 2.0 mg/L) 
and the time of reaching nadir blood concentration postpartum (3 weeks vs 2 weeks) were similar. Overall, in 
the current study, differences in blood β-carotene concentrations between the supplemented group and 
control were from four weeks pre-partum until two weeks postpartum (P <0.05) and from six weeks pre-
partum until two weeks postpartum (P <0.01) (Kaewlamun et al., 2011). The current study confirms the 
results from Oliveira et al. (2015) and those of Kaewlamun et al. (2011) in that there was a minor carry-over 
from pre-partum β-carotene supplementation to the post-partum phase. Supplementation increased the β-
carotene status of cows at calving but within two weeks this status became marginal, and supplementation 
should have been considered. From experiment 1, it appears that the types of roughage and their β-carotene 
concentration remain the primary determinants for supplementation, and the current results suggest that 
continuous supplementation should be recommended until pregnancy is confirmed. 
Although minor and probably biologically insignificant, carry-over effects could be attributed to storage 
of β-carotene in the cow’s body. A number of sites have been suggested as storage organs. These include 
the corpus luteum (CL) (Hurley & Doane, 1989), liver (Yang et al., 1992), and adipose tissues (Bauernfeind, 
1972; Yang et al., 1992; Strachan, 1993; Mora et al., 2000). However, Underwood (1984) posited that the 
liver was not a significant storage site for β-carotene, as is the case for retinol. Nozière et al. (2006) reported 
that adipose tissue is a major storage site of β-carotene in cows during medium-term depletion. Knight et al. 
(2001) showed that subcutaneous fat was a storage site for β-carotene, as seen in the yellow colour of fat in 
pasture-fed animals. Röhrle et al. (2011) stated that the colour of adipose tissue relative to the β-carotene 
content could be used to differentiate between animals fed on concentrate-based and pasture-based 
systems. Simonne et al. (1996) found higher levels of β-carotene in subcutaneous adipose tissue in pasture-
fed animals than in concentrate-fed animals. Semb (1934) proposed that the bloodstream might act as a 
major storage reserve for β-carotene, as did Yang et al. (1992). Hurley and Doane (1989) suggested that the 
β-carotene stored in the corpus luteum may be used for CL function during insufficient availability from the 
blood. However, Friesecke (1978) questioned the ability of body fat to store β-carotene owing to the short 
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lifespan of fat cells. Knight et al. (2001) stated that there was no evidence to prove that β-carotene was 
mobilized or expelled from body fat reserves. More research is needed.  
Effects of β-carotene status on reproduction parameters were not investigated in this study. However, 
there have been numerous reports that low levels of circulating β-carotene are associated with delayed 
ovulation, prolonged and low intensity in signs of oestrus, low progesterone concentration and low 
conception rates (Hemken & Doanne, 1982; Rakes et al., 1985; Afrikan & Rodway, 2000). These finding 
further support the current recommendation for continuous supplementation in conditions of marginal or 
deficient β-carotene status in dairy cows. 
 
Conclusions 
The major factors that contribute to the β-carotene status of lactating Holstein cows are the type of 
roughage and its β-carotene content. In general, cows on a primarily pasture-base systems maintained an 
optimal β-carotene status (mean 5.54 mg/L); cows on primarily hay-based TMRs were marginally deficient 
(mean 2.98 mg/L); and cows on primarily maize-based TMRs were deficient in blood β-carotene 
concentration (mean 1.71 mg/L). β-carotene supplementation during the pre-partum phase resulted in 
optimal status until calving, with a minor carry-over effect to maintain an optimal status only for a further 10 
days post partum after which cows became marginally deficient again, warranting supplementation. Further 
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